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WiFi Antenna Installation Best Practices 


Design Guide 


Choosing the right antenna 


The first step to building a wireless network is choosing the correct antenna for your application. Coverage and range 
will be the driving factors. Aesthetics may also be important. There are several styles of WiFi antennas with different 
radiation patterns, polarization schemes, and mounting options. 


Omni directional Antennas 


Omni directional antennas provide a 360” donut shaped radiation pattern to provide the widest possible signal coverage 
in indoor and outdoor wireless applications. An analogy for the radiation pattern would be how an un-shaded 
incandescent light bulb illuminates a room. A high gain Omni's vertical radiation pattern will exhibit a flattened donut 
shape as shown below for the HG2415U-PRO antenna. Typical applications for Omni directional antennas include indoor 
office spaces, retail stores, warehouses, small office or home networks, outdoor cafés, campgrounds, RV parks and 
marinas. Examples of Omni directional antennas include the common ”Rubber Duck” found on many WiFi access points 
and routers as well as the complicated antenna arrays used on cellular towers. 
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Typical Omni directional antenna radiation pattern (HG2415U-PRO) 
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360” Wi-Fi Signal 
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In the example above an Omni directional antenna is providing wireless connectivity for laptops, tablets, and smart phones in the coverage area. 


Directional Antennas 


A directional antenna, as the name implies, focuses the wireless signal in a specific direction resulting in a limited 
coverage area. An analogy for the radiation pattern would be how a vehicle head light illuminates the road. Examples of 
directional antennas include Yagi, Parabolic grid, patch, and panel antenna styles. High gain directional antennas can 
transmit and receive wireless signals for several miles given clear line of sight and sufficient transmit power. (More on 
line of site on page 5). Applications for directional antennas include point to point wireless links connecting buildings, a 
back-haul data link connecting cell towers together and point to multi-point wireless links where multiple remote clients 
with directional antennas communicate with a single central tower with an Omni directional antenna. 
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Typical Directional Antenna Radiation Pattern (HG2424EG-NF) 
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Building A Building B 


In the example above building A and building B are set up for a directional, point to point network using Yagi antennas 


Remote A Base Station Remote B 


In this example both remote sites A and B have directional Wi-Fi connectivity to the base station fitted with an Omni directional antenna. This is an 
example of a point to multi-point set up. 
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Antenna Polarity 


Polarization refers to the orientation of the electric field component of an electromagnetic wave with respect to the 
Earth's surface. An electromagnetic wave is composed of electric and magnetic fields propagating perpendicular to each 
other. Radio and light are examples of electromagnetic waves. Electromagnetic waves can propagate with linear, circular 
or elliptical polarization. Linear polarization is the most popular method used in WiFi communications and can take two 
forms, vertical and horizontal. Polarity must be observed on both ends of a communication link. A properly designed 
antenna will offer 20 dB or more of isolation between the two polarities. 


PAPA AAP 
MD 


NA 
PAPA 
BAA 


Horizontall Polarized PASSA 


Vertical Polarized Dual Polarized 


Dual Polarized Antennas 


A dual polarized antenna uses extra internal elements to provide two polarities in a single package via separate input 
ports. For a linear design both vertical and horizontal polarities are available. For a circular design both right hand 
circular polarity (RHCP) and left hand circular polarity (LHCP) are available. The isolation between the two ports allows 
the antenna to transmit or receive two signals on the same frequency simultaneously. Dual polarity antennas have 
multiple uses. In outdoor 802.11n multiple input-multiple output (MIMO) systems, the isolation allows the two MIMO 
streams to coexist without interference. For indoor 802.11g systems, polarization or spatial diversity can counteract the 
effects of multipath and fading. In DBS home satellite systems, polarization is used to allow twice the amount of 
transponders to be installed on a satellite. 


Antenna Frequency 


Antennas operate at different frequencies to suit different applications. The antennas frequency must match the 
frequency of the amplifier, access point, or router it will be attached to in order for the system to work. In the US the 
900, 2400 and 5000 MHz frequency bands are set aside by the FCC for unlicensed Industrial, Scientific and Medical (ISM) 
applications. The lack of licensing requirements has greatly encouraged the growth of the wireless industry. These bands 
are used for consumer and commercial WiFi and WLAN applications as well as for commercial Radio Frequency 
Identification (RFID) and Supervisory Control and Data Acquisition (SCADA) applications. For the consumer the 2.4 GHz 
band is the primary band one uses for WiFi, Bluetooth, cordless phone, printer, keyboard, mouse and gaming controller 
applications. Cellular use licensed bands spread over the 700 — 2700 MHz range. 
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Antenna Gain 


Gain is a relative measure of an antennas ability to direct or concentrate radio frequency energy in a particular direction 
or pattern. Gain is typically measured in dB over Isotropic point source, dBi. The analogy of an Isotropic point source 
would be a sun in the center of a universe. The choice of gain is dependent on system design, coverage, range, and 
transmit power. A higher gain number is not always the best choice. Gain and antenna type must be chosen to meet all 
objectives. 


Antenna Installation Best Practices 


Line of Sight 


Whether you are installing a wireless network indoors or outdoors you must always consider line of site. The path 
between two antennas is referred to as the Line of Sight. There are three main categories of Line of Sight, the first being 
full Line of Sight (LOS) where no obstacles reside between the two antennas, the next is called Near Line of Sight (nLOS) 
which includes partial obstructions such as tree tops or buildings between the two antennas, and lastly Non Line of Sight 
(NLOS) where full obstructions exist between the two antennas. By determining the specific line of sight conditions in 
the WiFi network area you can then determine the correct type of wireless system to install. 


Fresnel Zone- The area around the visual line-of-sight that radio waves spread out into after they leave the antenna. 
This area must be clear or else signal strength will weaken due to reflections (when wireless signals “bounce” off 
objects) that cause fading (loss of the wireless signal). Trees, buildings, towers etc. in the Fresnel Zone will produce 
reflections that can result in signal fading. 


Line of Sight (LOS) Line of Sight 
— Fresnel Zone —~ 


Near Line of Sight (NLOS) Line of Sight 


») << «=== Zone > Q 
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Path Loss 

Path Loss is an area of concern for 2.4 GHz wireless systems. Although 2.4 GHz signals pass rather well through walls, 
they have a tough time passing through trees. The main difference is the water content in each. Walls are very dry: trees 
contain high levels of moisture. Radio waves in the 2.4 GHz band absorb into water quite well. ! 

Antenna Height (Outdoor Installations) 

The correct installation height of an antenna depends on the factors outlined below. 


1) Distance between the sites: The longer the link, the higher the antenna needs to be due to the earth’s curvature. 


2) The Fresnel Zone: See table 1 showing the 60% of Fresnel Zone values (accepted clearing on path). Add this to the 
earth curvature height. 


3) Objects in the path: At a frequency of 2.4 GHz, you need a clear line of sight (LOS). Tree tops will deflect and absorb 
some of the signal. The theory is that the height of the tallest object in the path of the signal should be added to the 
Fresnel Zone and earth curvature clearance heights. You will need to check the height of the trees, hills, buildings or any 
object on the link path and add this to the measurement for the total of the tower height. 


The above three conditions make up the Radio Line of Sight 


Fresnel Zone: F (60%) 
— — LOS — = 


Earth Curvature: E 
Tree Building 


H=F+E+0 


Wireless Link Value Fresnel Zone F Value E Antenna Height H 
Distance (Miles) (60% at 2.4 GHz.) (Earth Curvature) Antenna Height 
Approx. Value Approx. Value No Obstruction 
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Outdoor Antenna Installation Best Practices 


When installing an antenna outdoors is it important to use the minimum cable length required between the antenna 
and the access point or enclosure connection point. Also make sure the cable enters the enclosure or device from the 
bottom and leave enough cable to make a drip loop so rain and moisture will not enter the enclosure or equipment 
connections. Additionally we recommend that you wrap all outdoor cable connection points with moldable or self 
healing weatherproof tape. Also do not wrap the cable around a mast or pole. The cable should run straight down the 
mast from the antenna to the enclosure or WiFi amplifier. 


COAX CABLE COAX CABLE 


DRIP LOOP 


DRIP LOOP 


CONNECTORS* 

*For added protection, moldable or self-healing 
weatherprooftape is recommended to be put 
on connectors after cable is attached 


Drip Loop 


If you are using a wireless amplifier or radio it is best to position it as close to the antenna as possible (without putting 
too much stress on the connecting cables). Make sure the amplifier connectors are face down and leave enough room 
for drip loops. 


Antenna Orientation (Indoor Installations) 


when dealing with the installation and expansion of indoor wireless networks several factors must be considered. Most 
manufacturers of wireless access points and routers indicate a typical range that their equipment can provide. Usually 
these range estimates require line of sight which means you will need a clear unobstructed view of the antenna from the 
remote point in the link. In most cases there will be obstacles present in an indoor installation that could affect 
performance. Signals will be attenuated when they penetrate walls. Factors to consider include metal studs, concrete, 
fiberboard, aluminum siding, foil-backed insulation, pipes and electrical wiring, furniture and sources of interference. 
Sources of interference include other wireless equipment, cordless phones, microwave ovens and radio transmitters. In 
wireless transmissions, reflections (when wireless signals ”bounce” off objects) and multipath (when wireless signals 
travel multiple paths to arrive at the receiver at different times) are as important as signal strength in determining the 
success of an installation. A signal will exhibit peaks and nulls in its amplitude and alteration of its polarization when 
propagating through walls, ceilings and reflecting off objects. In the case of indoor 802.11n/MIMO systems, multipath is 
actually required for the system to operate at the highest data rates. This is the rare case where a negative has become 
a positive. 
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Gain, Distance, and Loss Considerations 


when planning your wireless network you first need to define the distance between wireless links or between the 
access points or radios. A link budget will need to be done. First you need to know the characteristics of the radio 
equipment being used. For every radio operating at a given data rate, there will be a specification listing transmit power 
and receive sensitivity. You also need to meet the minimum receive Carrier to Noise (C/N) and Carrier to Interference 
(C/I) ratios. As the distance between your wireless points increases you must either increase antenna gain or transmit 
power. In general increasing antenna gain is the lowest cost way to increase range. There are numerous on-line tools 
you can use to calculate your range. 


Cable considerations 


When designing a wireless network you should use 50 Ohm low loss coaxial cable for optimal results. This type of cable 
usually begins with a 100 series style up to a 900 series style. The lower the number of the series, the smaller the 
diameter of the cable. Lower number series cables such as 100, 195, etc. are used for very short pigtail connections to 
access points, surge protectors (in close proximity), and amplifiers. Larger series cable such as the 400 series are typically 
used for medium antenna cable runs and the 900 series is used for long distance applications such as base station tower 
installations that can be 100 feet or more off the ground. As a general rule, 195 series is good for distances under 20 
feet, use 400 series cable for 20-50 feet, use 600 series cable for >50 feet. The chart below defines the approximate loss 
values for the main types of low loss cables. 


100 Series 0,105 in NOMINAL ATTENUATION 
= em BT 
— ei 900 


= 748 
EEE 1800 108.8 
2500 208 130.6 


50 Ohm Impedance 


400 Series NOMINAL ATTENUATION 
: presti ML Ra Dar db/100m 


= (00.3mm) 


Nominal 


. ø. i . 
195 Series Son | NOMINAL ATTENUATION | 600 Series 0.590 in. (15.0mm) | NOMINAL ATTENUATION | 
pein [wie [trio | Zu oo ma A | Me | aT T sr 
= A “ > - wó 


50 Ohm Impedance 


200 Series NOMINAL ATTENUATION 50 Ohm Impedance 
y | ™ e | anon | EI 
| = = 0.495 in. (eoma) 900 Series 0.900 in zomm) NOMINAL ATTENUATION 
jomini 
5 A db/100ft | db/100m 
; 900 1.7 5.6 


50 Ohm Impedance 


240 Series poni E 
e 


x 


50 Ohm Impedance 50 Ohm Impedance 


View our Low Loss Coax Cable applications overview in the Resources section of this paper 
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Resources 


802.11 Wireless Standards 


Year Released 


Frequency 


Typical Range 


Download the PDF of this reference chart http://www.l-com.com/content/Article.aspx?Type=L&ID=10044 
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dBm to Watts Conversion Chart 
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Power Measurement Units: 


dBm - decibels relative to one milliwatt 
dBW - decibels relative to one Watt 


Gain Measurement Units: 


dBi - decibels relative to an isotrope 
dBd - decibels relative to a dipole 


Download the PDF of this reference chart http://www.l-com.com/multimedia/whitepapers/dbm _chart.pdf 
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Download the PDF of this reference chart 
www.ntia.doc.gov/files/ntia/publications/spectrum_ wall chart _aug2011.pdf 
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Low Loss Coax Cable Applications 


What is Low Loss cable? 


The term low loss refers to the cables relative low attenuation (loss) over distance. The main difference between standard RG cable and low loss coaxial cable is the shielding. Low loss cable has far better shielding than 
typical RG style cable thus achieving better low loss characteristics. Additionally, low loss coaxial cables use solid center conductors which offer lower attenuation than stranded conductors that are sometimes found on RG 
style cables. Low loss coaxial cables are typically used in WLAN, Cellular, PCS, ISM and many other wireless applications. 


100 Series - 0.110" OD ait sn 400 Series - 0.405” OD 
100 Series ® Drop-in Low Loss equivalent for RG316/174 © Drop-in Low Loss equivalent for RG8/9913 


e Internal equipment wiring . = © Short jumper cable assemblies 
e Very short jumper cable assemblies and radio pigtails ® Short antenna cable feeds 
® Applications requiring easily routed low loss cable LI e Applications requiring easily routed low loss cable 


scan siasi 400 Ultra Flex Series - 0.405" OD 
les - 0. | 400UF Series ` wra 1 * Drop-in Low Loss equivalent for RG-8/9913 
* Drop-in Low Loss equivalent for RG58/142 ® Short jumper cable assemblies 
ie ep asi ante CE na ® Short antenna cable feeds 
+ Short antenna and jumper cable assembli 2 ahi È SE È flexibility and d 
and radio pigtails f SP i pena E ans 


e Applications requiring easily routed low loss cable ee 


x. OSAR (15.0mm) 
600 Series Nominal 1 600 0.590" OD 
200 Series - 0.195” OD ® Outdoor applications 


~ — 
© Applications requiring easily routed low loss cable ‘ + Short antenna cable feeds 


® Short jumper cable assemblies 
® Short antenna cable feeds | 
* Indoor and outdoor applications 


© Medium distance base station and cell tower applications 


900DB Series + 


OETA. (22 trare). 
Nominal 
900DB Series - 0.870" OD 
” ® Outdoor applicati 
240 Series 4 pe si : ks has ss a sd applications g 
= owe Short ra cable feeds man + Jumper cable assemblies for 1-5/8" & 2-1/4" feeders 
y © Applications requiring easily routed low loss cable ® Medium antenna cable feeds with no jumpers required 


a a * Long distance base station and cell tower applications 


Download the PDF of this reference chart http://www.l-com.com/content/Low-Loss-Coax-Cable-Applications.pdf 


Sources- 1. Webopedia.com 
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L-com, a global leader in the manufacture of wired and wireless connectivity products, offers a wide range of solutions 
and unmatched customer service for the electronics and data communications industries. The company's product 
portfolio includes cable assemblies, connectors, adapters, computer networking components, and custom products, as 
well as their Hyperlink line of wireless products which include Antennas, RF Amplifiers, Coaxial lightning and surge 
protectors, and NEMA rated enclosures. L-com’s HyperLink wireless products are designed for WiFi, WiMAX, SCADA, 
802.11a/b/g/n, RFID and Bluetooth applications. Trusted for over 30 years, L-com, which is headquartered in North 
Andover, MA, is ISO 9001: 2008 certified and many of its products are UL? recognized. www.l-com.com 


For more information, contact your L-com sales representative at 1-800-343-1455 or e-mail sales@L-com.com. 


Corporate Headquarters and Fulfillment Facility 
45 Beechwood Drive 


North Andover, MA 01845 


US Cable Assembly Manufacturing Facility 
1755 Osgood Street 


North Andover, MA 01845 


Far East Manufacturing and Fulfillment Facility 
7 ChunHui Road, SIP Building 1 


Suzhou, Jiangsu, China P.C.: 215121 


Wireless Manufacturing and Fulfillment Facility 
1201 Clint Moore Road 


Boca Raton, FL 33487 
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